tal visual experience, both part of the complex multi-day hatching process, is a clear example of a developmental system and an ESS wherein multiple influences (both exogenous and endogenous) provide a supportive and facilitative, even inductive, environment for development. Such developmental mechanisms constrain the range of evolutionary potential and outcomes (Greenough 1991), and may ensure postnatal social cohesion in the form of population laterality as V&R argue. In this context, the structure of the environment (the presence of visual stimulation at a critical point in development) and the structure of the organism's own development (the species-typical orientation in the egg during latestage development prior to hatching) interact to produce early experiences that shape the chick brain's structural laterality and functional behavioral asymmetries. As long as these factors remain relatively invariant (e.g., occurring in essentially the same manner for all members of the species), a high degree of individual and population laterality for a variety of perceptual and motor abilities (Rogers 1982; 1990; Rogers & Workman 1989; Rogers et al. 1998; Tommasi & Vallortigara 1999) is reliably produced across generations, and the evolutionarily stable strategy is preserved. Abstract: Vallortigara & Rogers (V&R) propose a fundamental role of the environment in determining population-level lateralisation and suggest that genes play no primary function in this phenomenon. Here I argue that genes involved in the coordination of visceral organ laterality and in coupling of different forms of lateralisation do play a role in the control of lateralisation within the population.
Abstract: Vallortigara & Rogers (V&R) propose a fundamental role of the environment in determining population-level lateralisation and suggest that genes play no primary function in this phenomenon. Here I argue that genes involved in the coordination of visceral organ laterality and in coupling of different forms of lateralisation do play a role in the control of lateralisation within the population.
Vallortigara & Rogers (V&R) suggest that genes play a vital role in determining lateralisation in individuals but have no primary function in the control of lateralisation at a population level. They propose that social life (e.g., prey-predator interactions) drives changes in environmental stimuli (e.g., light exposure of eggs) able to direct lateralisation within the population (e.g., lateralised eye use in birds). They also draw attention to the unlikelihood that population-level lateralisation is a mere by-product of genetic pathways determining somatic asymmetry. Although I am in agreement with a role for epigenetic factors in driving lateralisation within the population, I argue that genes do play a primary function in at least some forms of population-level lateralisation.
Recent evidence demonstrates that morphological asymmetries in limbic system-related nuclei such as the habenulae are established early in development by means of inhibitory interactions that take place across the dorsal midline of the zebrafish forebrain (Concha 2004) . In these interactions, one side of the brain competes with the contra /lateral for the ability to acquire specific morphological traits. As the outcome of competition is in principle unpredictable (left and right sides have equal competitive abilities), signals that others than those involved in the competition itself must operate to confer advantages to one side of the brain, thus causing laterality decisions to become consistently biased within the population (Concha et al. 2003) . Such laterality signals are expressed at early stages of development in discrete regions of the left forebrain and involve molecular components of a genetic pathway commanded by the TGFb Nodal secreted protein (Concha et al. 2000) . Interestingly, Nodal signalling also plays a key role in shaping laterality of visceral organ asymmetry (Schier 2003) and is expressed asymmetrically in the left lateral plate mesoderm from where it is transferred to the left forebrain (Long et al. 2003) . In mutant embryos with disrupted Nodal signalling, the laterality of asymmetry becomes randomised in the heart, pancreas, and brain, and is uncoupled between the different organs (Concha et al. 2000; Yan et al. 1999) . This observation underscores the intimate relationship established during development between the mechanisms of brain and visceral organ asymmetry, and suggests that population-level lateralisation of the habenulae is the end result of genetic pathways primarily involved in coupling visceral organ laterality. In support of this view, zebrafish larvae with situs inversus show inverted visceral organ and forebrain asymmetries, and a reversal in lateralised behaviours such as eye use (Barth et al., in press) . It is possible that Nodal signalling directs lateralisation of limbic system-related nuclei in all vertebrate species; however, this remains to be confirmed as laterality of habenular asymmetry is not well conserved among the different vertebrate groups (Concha & Wilson 2001) .
It is important to note that other types of population-level lateralisation such as language cerebral dominance, dichotic listening, and handedness are not reversed in humans with situs inversus and thus are unlinked to visceral organ laterality (Kennedy et al. 1999; Tanaka et al. 1999) . Handedness, in particular, is another case in which genetic expression of behavioural asymmetry is controlled independently from its direction. Indeed, V&R take this example to support their view on the role of social factors as determinants of population-level lateralisation. However, an elegant paper on the nature versus nurture basis of human handedness (Klar 2003) argues against this interpretation by demonstrating that hand preference is genetically determined as it can be linked to directionality of scalp hair-whorl rotation, a biologically specified trait that unlike handedness is not influenced by social factors. This report also proposes that a single gene, independently from the genetic pathways controlling visceral organ asymmetry, controls both handedness and whorl orientation. In this "randomrecessive" genetic model, the single dominant gene causes righthandedness and clockwise whorl rotation in the dominant homozygous and heterozygous situations, and the recessive and nonfunctional allele confers a statistical random chance in recessive homozygosis (Klar 1996; 2003) . It is interesting to notice the close resemblance between the mechanisms that control laterality in the zebrafish forebrain (as mentioned above) and those that determine directionality of human handedness (Klar 2003) . In both cases, genetic determinants of lateralisation per se generate asymmetries with a random laterality outcome, which is then directed within the population by "laterality genetic signals" (e.g., the Nodal signalling pathway in zebrafish and the RGHT gene in humans). Moreover, in both cases the genetic mechanisms controlling population-level lateralisation are intimately linked to mechanisms that determine coordination of laterality between different asymmetric structures of the body (e.g., coordination of visceral organ laterality in zebrafish and coupling between the dominant hemisphere and right-handed preference in humans). It is therefore possible that genetic and developmental pathways responsible for directing asymmetry within the population were acquired early in vertebrate evolution as a means (or a consequence) of coupling/coordinating different types of asymmetry within the body. In this context, uncovering a possible common origin of vertebrate lateralisation becomes fundamental to better comprehend how genetic and epigenetic factors determine population-level lateralisation.
In summary, I propose that both genetic and epigenetic factors play primary roles in specific forms of population level lateralisation (Fig. 1) . V&R describe in detail the epigenetic determinants of population-level lateralisation whereas I argue for a role of genetic determinants primarily involved in either coordination of visceral organ laterality or in the coupling of different forms of brain lateralisation. Abstract: Population-level asymmetry may be maintained, not by an "evolutionarily stable strategy" pitting a dominant bias against its nondominant opposite, but rather by a genetically based system pitting a directional bias against the absence of any such bias. Stability is then achieved through a heterozygotic advantage, maintaining balanced polymorphism. This model may better capture the fundamental trade-off between lateralization and bilateral symmetry.
One of the myths of our time, propagated by myself, among others, is that cerebral asymmetry somehow defines the human condition -we are, it has been claimed, the lopsided ape (Corballis 1991). We have been fooled into this myth by a number of factors. First is the desire to see humans as superior to other animals, and the human left hemisphere as somehow uniquely endowed with properties that transcend mechanical laws -the pineal gland knocked sideways (e.g., Popper & Eccles 1977) . Second, bipedalism in hominids freed the hands for activities other than locomotion, thereby exposing cerebral asymmetry in the manual activities that we humans have so adroitly developed. Other manifestations of cerebral asymmetry are less obvious than human handedness, but no less present. Third, cerebral asymmetry is a conspicuous characteristic of language, which is itself almost certainly uniquely human, at least with respect to its generative property. Some of our lateralized activities may well be distinctive to our own species, but cerebral lateralization itself is not. Vallortigara & Rogers (V&R) are to be commended for exposing the myth, in a forum that should get the message across to neuropsychologists as well as to behavioural ecologists.
As V&R observe in the target article, not all individuals in a population follow the predominant pattern -the minority who "go the other way" seem to vary from about 35% to about 10%. V&R seek the origin of this uneven division in frequency-based selection, which they illustrate in terms of escape strategies. If a predator threatens, it is a good idea to run off to the left with the crowd, where there is safety in numbers, and the probability of any individual being caught is low. But the predator is likely to chase the crowd, maximizing the chances of capturing at least one victim. This means that the maverick who joins the minority who run off to the right may also have a good chance of escape, but only so long as this group remains a minority. Frequency-based selection, though, may be unstable, as in the example of cychlids, where the dominant asymmetry of the mouth periodically changes direction (Hori 1993) .
Another possibility is that the fundamental distinction is not between left-and right-dominance, but rather between asymmetry and symmetry. As V&R recognize, bilateral symmetry is itself an adaptation to the equivalence of left and right in the natural world (Corballis & Beale 1976) and goes back at least to the origins of the Bilateria some 600 million years ago, and perhaps even earlier (e.g., Finnerty et al. 2004) . But bilateral symmetry is also a constraint on function, and is abandoned, or at least relaxed, when lateral specialization is more adaptive. This suggests a trade-off between pressures to symmetry and pressures to lateralization.
This trade-off is captured in contemporary genetic theories of handedness. Instead of proposing a right-hand allele and a lefthand allele, these theories assume that one allele predisposes to right-handedness and the other does not (Annett 2002; Klar 1996; McManus 1999) . This assumption provides for a better fit to data on the inheritance of handedness, and can also account for other characteristics of laterality, such as the finding that left-handers are more variable with respect to other asymmetries, including cerebral dominance for speech (Annett 2002; McManus 1999) . It also explains why the distribution is uneven, since there is a systematic bias toward right-handedness but no such bias toward lefthandedness. Both Annett and McManus make it clear that their models incorporate cerebral asymmetry as well as handedness, and the same principle may well apply fairly generally to the genetics of asymmetry (Morgan & Corballis 1978) .
The two alleles are assumed to be held in balance by a heterozygotic advantage in fitness (Annett 1995; Corballis 1997), ensuring that the proportion of left-handers cannot exceed 50%. Nevertheless, variation is possible, governed by the relative fitness of the two homozygotic genotypes. Following McManus (1999), we may call the two alleles D for dextral and C for chance. If we set the fitness of CD heterozygotes at 1, the ratio of p(D): p(C ) is given by (1-fCC):(1-fDD), where fDD and fCC are the respective fitness of DD and CC genotypes relative to that of the CD genotype. Thus, if DD and CC are equally disadvantaged relative to DC, the two alleles will be present in the population in equal proportions. So long as there is a heterozygotic advantage, so that fDD and fCC are both Ͻ 1, both alleles will remain in the population, but their relative frequency may vary. A heterozygotic advantage can ensure maintenance of both alleles in the population even when one of the homozygotes is lethal, with zero fitness, as in the example of sickle-cell anaemia. This is due to a rare form of haemoglobin, which is lethal in those homozygotic for the allele, but heterozygotes have an advantage in malarial zones (Lewontin 1974) .
With respect to symmetry vs. asymmetry, it remains largely a matter of speculation why the two homozygotes should have lower fitness than the heterozygote. V&R give examples from birds where laterality leads to more efficient performance, especially in dual-tasking, but it is not clear why heterozygosity might prove more adaptive than homozygosity. Perhaps homozygosity simply acts to hold lateralization in check, so the bird is not overly exposed to threat from the weaker flank. In the case of human cerebral asymmetry, Annett (2002) has summarised evidence that DD homozygotes may be deficient in spatial processing, whereas CC individuals may be at risk for verbal impediments. CD individuals, like Baby Bear's porridge in the Goldilocks story, are just right -neither too hot nor too cold. Another perspective is provided by suggestions that bilaterality (CC) may be associated with more general deficits in academic ability (Crow et al. 1998) , and also with a tendency to magical ideation (Barnett & Corballis 2002) . Perhaps, then, the two alleles may express, not only the tension between symmetry and lateralization, but also the age-old conflict
